Ozhan Turhan, (2022) Comm. J. Biol. 6(1), 62-67.

DOI: 10.31594/commagene.1081350

e-ISSN 2602-456X

Research Article/Arastirma Makalesi

Evaluation of Teratogenic and Developmental Toxicity of Everzol Red LFB

and Everzol Yellow CGL on Zebrafish (Danio rerio) Embryos
Duygu OZHAN TURHAN

Department of Biology, Faculty of Arts and Sciences, Inonu University, 44280 Malatya, TURKIYE
ORCID ID: Duygu OZHAN TURHAN: http:/ /orcid.org/0000-0002-7111-4289

Received: 02.03.2022

Accepted: 19.04.2022 Published online: 20.06.2022

Abstract: Synthetic dyes produced by chemical synthesis are used in textile, food, cosmetic, plastic, and pharmaceutical
industries. Of these dyes, azo dyes are a major group of dyes widely used by these industries despite their harm to the
environment. A limited number of studies have focused on the impact of dyes on the environment; thus eco-toxicological
studies are imperative. The aim of this study was to evaluate the toxic effect of Everzol Red LFB (ERL) and Everzol Yellow
CGL (EYC) on zebrafish embryos. Embryos were exposed to 23-600 mg L-1 ERL and EYC for 96 hours and the survival rates,
heart rate, hatching rates, and body malformation of these individuals were determined. According to the results of this study,
the 96 h LC50 values of the ERL and EYC were determined to be 292 (232-391) and 127 (107-152) mg L-1, respectively. The
teratogenic index (TI) values of the ERL and EYC were calculated as 1.37 and 1.49, respectively. ERL and EYC are teratogenic
for zebrafish embryos based on the calculated TI value. Both dyes caused significant inhibition of embryonic growth and heart
rate in Danio rerio embryos. ERL and EYC caused pericardial edema, yolk sac edema, tail malformation, and spinal curvature
in embryos. According to the determined parameters, the negative effect of EYC on zebrafish larvae is greater than of the ERL.
These results indicate that both dyes have adverse effects on zebrafish development and may adversely affect the aquatic
ecosystem if they enter the aquatic environment.
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Everzol Red LFB ve Everzol Yellow CGL'nin Zebra Balig1 (Danio rerio) Embriyolar1 Uzerinde
Teratojenik ve Gelisimsel Toksisitesinin Degerlendirilmesi

Oz: Kimyasal sentezle iiretilen sentetik boyalar; tekstil, gida, kozmetik, plastik ve ilag endiistrilerinde yaygin olarak
kullanilmaktadir. Bu boyalardan biri olan azo boyalar, ¢evreye zararli olmalarina ragmen yaygin olarak kullanilan en biiytik
boya grubudur. Smurli sayida calisma, boyalarin cevre iizerindeki etkisine odaklanmistir, bu nedenle ekotoksikolojik
calismalarin yapilmast zorunludur. Bu ¢alismanin amaci, zebra balig1 embriyolarinda Everzol Red LFB (ERL) ve Everzol
Yellow CGL'min (EYC) toksik etkilerini degerlendirmektir. Embriyolar 96 saat boyunca 23-600 mg L1 ERL ve EYC'ye maruz
birakilmis ve bu bireylerin hayatta kalma oranlari, kalp atim hizlari, kuluckadan ¢ikma oranlari ve viicut malformasyonlar:
belirlenmistir. Calismanin sonuclarina gore, ERL ve EYC'nin 96 saatlik LCso degerleri sirasiyla 292 (232-391) ve 127 (107-152)
mg L7 olarak belirlenmistir. ERL ve EYC teratojenik indeks (TI) degerleri sirastyla 1.37 ve 1.49 olarak hesaplanmistir. ERL ve
EYC, hesaplanan TI degerine gore zebra balig1 embriyolar icin teratojeniktir. Her iki boya da Danio rerio embriyolarinda,
embriyonik biiytimenin ve kalp hizinin 6nemli olciide engellenmesine neden olmustur. ERL ve EYC embriyolarda
perikardiyal 6dem, yolk kesesi 6demi, kuyruk malformasyonu ve spinal egrilige neden olmustur. Belirlenen parametrelere
gore EYC'nin zebra balig1 larvalar tizerindeki olumsuz etkisi ERL'den daha fazladir. Bu sonuglar, her iki boyamin da zebra
balig1 gelisimi tizerinde olumsuz etkilere neden oldugunu ve bu boyalarin su ortamina girmesi halinde su ekosistemini
olumsuz etkileyebilecegini gostermektedir.

Anahtar kelimeler: Sentetik boya, embriyo toksisite, gelisim, kirlilik.
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1. Introduction

Synthetic dyes produced by chemical synthesis are widely
used in textile, food, cosmetic, plastic, and pharmaceutical
industries (Akbulut et al.,, 2020). Some of the most
important of these dyes are azo dyes (Selvaraj et al., 2021;
Kiziltan et al., 2022). Azo dyes are known to be toxic,
genotoxic, and mutagenic (Demirci & Asma, 2013). In
recent years, due to rapidly increasing industrialization,
the pollution from dyes has greatly increased. Thousands
of dyes are synthesized daily worldwide and subsequently
released into the environment during synthesis and
dyeing processes (Jadhav et al., 2011). Some textile dyes
dissociate in water and the resulting substances can have
toxic effects on aquatic organisms (Akbulut et al., 2020).
Dyes that enter the water system can enter the food chain
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through aquatic organisms and accumulate, causing
ecological instability (Natarajan & Manivasagan, 2020).
Furthermore, some dyes that can be detected in many
aquatic systems even at low concentration (1 mg L) cause
disturbances to aquatic ecosystems (Zamora & Jeronimo,
2019).

Recently, the zebrafish (Danio rerio) has been used to
determine the toxicity of certain dyes. Zebrafish is a model
organism commonly used in aquatic toxicology (Zamora
& Jeronimo, 2019). The Organization for Economic Co-
operation and Development (OECD) has suggested that D.
rerio is an important indicator for the evaluation of
pollutant toxicity in the aquatic environment (OECD,
2006). D. rerio are often used in experiments because of
their low cost, small size, and easy laboratory care.
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Moreover Danio rerio embryos develop quickly after
fertilization. As they are transparent, microscopic
evaluation can be easily conducted at all stages of
development (Akbulut & Yo6n, 2013). In the literature, the
ecological effects of azo dyes have been reported in
freshwater fish species (Abe et al., 2019).

The environmental impact and toxicity to aquatic
biota caused by the discharge of textile dyes into water
bodies are not fully documented (Zamora & Jeronimo,
2019). In addition, Abe et al. (2019) reported an urgent
need to gather scientific information on the potential eco-
toxicological effects of synthetic dyes on aquatic
organisms. Everzol Red LFB and Everzol Yellow CGL are
widely used commercial reactive dyes (Akbulut et al.,
2020). There are deficiencies in the aquatic toxicity data on
these dyesthat are likely to enter environmental waters
due to their widespread and intensive use. Therefore, in
this study, we aimed to determine the lethal
concentrations and sublethal effects of these dyes in
zebrafish, an aquatic vertebrate, based on the prediction
that the concentration of these dyes would increase in
environmental waters.

For this aim, different biological responses such as
lethality, growth and development, heart rate, hatching
rate, and teratogenicity status in zebrafish embryos were
determined after 96 hours of exposure to ERL and EYC
according to the Fish Embryo Acute Toxicity Test (OECD,
2013). Thus, the possible eco-toxicological effects of these
dyes were evaluated based on the negative effects they
have on zebrafish embryos.

2. Material and Methods
2.1. Test organism

The embryos used in this study were produced from adult
zebrafish grown in the zebrafish production system
(ZebTec Active Blue, Tecniplast, Italy) in the Zebra Fish
Unit, Inonu University Faculty of Arts and Sciences,
Aquatic Vertebrate Experimental Animals Unit. The
system is equipped with continuous water circulation and
adjustable pH (7.30£0.15) as well as conductivity (720+20
pS/cm), temperature (28.2+0.2°C), and automatic light
and dark photoperiodic (14:10 hours) controls. Zebrafish
embryos were obtained with the same aquatic
characteristics as the parent system and a filtered rearing
system (iSpawn, Tecniplast, Italy) connected directly to the
water circulation fed by the parent system. Fertilized eggs
were collected within 3 hours and stored in standard
embryo broth at 28.5°C in an oven.

According to the legislation of the European Union
and our country, Ethics Committee approval is not
required for embryos and larvae used in the period up to
the first 120 hours of their development after fertilization
in studies with zebrafish (European Zebrafish Resource
Center).

2.2. Chemicals and exposure

The reactive dyestuffs ERL (R4504502) and EYC (1500502)
were selected for this study. Dyes were tested at
concentrations of 23, 35, 53, 79, 119, 178, 267, 400, and 600
mg L1, Twenty-four embryos were exposed to each
concentration. pH was adjusted to 7.3 and conductivity
was maintained at 700 pS/cm. Then, 250 pl of each dye
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solution prepared at different concentrations and a
zebrafish embryo were added to each well. Mortality rates
of individuals examined with a stereomicroscope every 24
hours for a 96-hour period were recorded. At the 48t hour,
the heart beats per minute of the embryos were
determined. At the end of the 96th hour, the malformation
rates and malformation types of the surviving individuals
were determined with a stereomicroscope while their
lengths were measured using Euromex Image Focus 4.0
software. The median lethal concentrations (LCsp) were
determined after 24, 48, 72, and 96 hours of exposure.

2.3. Statistical analysis

Statistical analysis of the collected data was performed
with GraphPad Prism 5 (SPSS Inc., USA). Probit regression
analysis was used to determine the 96h mean lethal
concentration (LCsp) and effective concentration (ECs) for
the embryos (EPA, ver. 1.5). The teratogenic index (TI)
values of ERL and EYC were calculated as the ratio of 96h
LCs value to 96h ECso value. Since all measurement
parameters did not a show normal distribution, these non-
parametric data were statistically compared with the
Kruskal-Wallis and Dunn tests.

3. Results and Discussion

The intensive use of synthetic dyes and their transfer to the
aquatic ecosystem cause significant pollution (Akbulut et
al.,, 2020). In this study, the effects of two different textile
dyes at different concentrations on the early development
of Danio rerio embryos were determined. Parameters such
as survival, hatching rate, heart rate, and malformation of
zebrafish embryos were used to determine these effects.
Many textile dyes have LCsp concentrations at different
time intervals in fish (Oliveira et al., 2016). According to
the data of this study, the 96h LCsq values were 292 and 127
mg L1 for ERL and EYC, respectively (Table 1). To our
knowledge, the toxic concentrations have been determined
for the first time in fish for the tested dyes. On the other
hand, LCsq concentrations of some commercial dyes such
as Basic Violet 14, Direct Red 28, and Reactive black 5 for
D. rerio were found to be 0.06, 0.48 pg mL-'and 0.52 mg L-
1, respectively (Shen et al., 2015, Manimaran et al., 2018).
These stated LCsp values are relatively lower than the LCso
values of zebrafish treated with ERL and EYC in this
study. In addition, in this study, the ECsp value in embryos
exposed to ERL and EYC was calculated to be 213 and 85
mg Lt (Table 1).

The ratio of the calculated LCsp value to the ECsg
value is the teratogenicity value. The teratogenicity value
is an important parameter used to determine the effects of
pollutants on aquatic organisms. The suitability of using
zebrafish embryos to evaluate the teratogenic potential of
pollutants has been demonstrated by many studies
(Selderslaghs et al., 2009; Alafiatayo et al., 2019; Turhan,
2021). In this study, the teratogenic index (TI) values of
ERL and EYC for zebrafish larvae were calculated as 1.37
and 1.49, respectively. Selderslaghs et al. (2009) reported
that a compound is considered teratogenic if the TI value
for test compounds is >1. Accordingly, our findings
showed that ERL and EYC were teratogenic for Danio rerio
larvae.

In Danio rerio, hatching is an important phase during
which embryos transform into larvae (Sun et al., 2020). The
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hatching rate in zebrafish embryos is one of the most
important criteria used for the assessment of toxicity
caused by environmental pollutants (Mu et al., 2016). In
this study, the hatching rate decreased with increasing
concentrations of dyes (Table 2). Similarly, Zamora and
Jeronimo  (2019) found that relatively higher
concentrations of Direct Blue 15 (200 to 500 mg L)
decreased the hatching rate of exposed zebrafish embryos.
Moreover, Manjunatha et al. (2020) reported that the
hatching of Danio rerio embryos was proportionally
affected by the concentration of henna dye. The reason for
hatching inhibition may be the inability of the embryos to
break the chorion under the influence of the contaminant
or the inhibition of proteolytic enzymes involved in
hatching (Zamora & Jeronimo, 2019; Rahman et al., 2020).
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Body length is a general biomarker used to assess
zebrafish health after exposure to pollutants (Lu et al.,
2022). In this study, concentrations ERB and EYC higher
than 35 mg L resulted in significant inhibition of
embryonic growth (Table 3). Peng et al. (2021) reported
that growth inhibition, another biomarker used to evaluate
the effects of the tested dyes in this study, is frequently
observed in Danio rerio exposed to environmental
pollutants. Similar to the results of this study, To et al.
(2021) reported that Solvent Violet 47 and Disperse Blue 14
dyes cause growth inhibition depending on the
concentration in zebrafish. The results of previous studies
thus indicate that dyes have a negative effect on the early
development of zebrafish.

Table 1. The 24h, 48h, 72h and 96h LC s, 96h ECso, and TI determined for Danio rerio embryos

Exposure (h)

LCso (mg L) ECso (mg L) TI (LCs0/ ECs0)

Dyes Concentrations (mg L-1)
Everzol Red LFB 23-600
Everzol Yellow CGL 23-600

24
48
72
96
24
48
72
96

390 (320-511)
329 (267-431)
298 (240-393)

292 (232-391) 213 (167-300) 1.37
241 (200-297)
155 (131-184)
132 (112-156)
127 (107-152) 85 (73-100) 1.49

Table 2. Percent hatching in Danio rerio embryos exposed to different concentrations of Everzol Red LFB and Everzol Yellow CGL for 96h

Dyes Everzol Red LFB Everzol Yellow CGL

24h 48h 72h 96h 24h 48h 72h 96h
Control 0 100 100 100 0 100 100 100
23 0 100 100 100 0 100 100 100
35 0 92 100 100 0 96 96 96
53 0 92 92 92 0 79 79 79
79 0 83 92 92 0 79 88 83
119 0 71 88 88 0 42 58 58
178 0 46 71 71 0 38 46 46
267 0 42 54 54 0 38 25 25
400 0 13 42 42 0 - - -
600 0 0 21 21 0 0 - -

Table 3. Lengths and number of individuals living in Danio rerio embryos exposed to Everzol Red LFB and Everzol Yellow CGL for 96h

Everzol Red LFB Everzol Yellow CGL
Concentrations n Length (mm) n Length (mm)

Control 24 3.754 + 0.062 24 3.754 + 0.062

23 24 3.539 + 0.057 24 3.595 + 0.059

35 23 3.386 + 0.066 ** 22 3.427 + 0.055 il
53 22 3.298 + 0.058 bl 18 3.421 + 0.070 el
79 22 3.280 + 0.052 bl 20 3.296 + 0.075 el
119 20 3.065 + 0.132 ek 13 2.872 + 0.131 il
178 16 3.021 + 0.126 ek 10 2.861 + 0.138 il
267 13 3.005 + 0.133 bl 6 2.586 + 0.186 el
400 10 3.013 + 0.169 bl - - -

600 5 2.732 + 0.171 ek - - -

n: Living individual, * p<0.05, ** p< 0.01, ** p< 0.001
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Exposure of zebrafish embryos to pollutants can
cause various mutations (Park et al., 2019). In this study,
exposure to ERL and EYC caused to spinal curvature (SC),
tail malformation (TM), pericardial edema (PE), and yolk
sac edema (YSE) in zebrafish embryos (Tables 4-5, Figure
1). For both dyes, YSE and PE were the most common
types of malformation (Tables 4-5). YSE is a common
symptom in fish exposed to pollutants and may result
from overhydration of the yolk sac associated with
impaired osmoregulation and toxin accumulation (Park et
al., 2019).

As PE was the main type of malformation caused by
both tested dyes, heart rate was determined to analyze
whether this change in pericardial morphology affected
the cardiac function of the embryos. Heart rate is an
important biomarker used in zebrafish toxicity tests to
evaluate the effects of pollutants (Zhang et al., 2020). In this
study, it was shown that zebrafish embryos exposed to
ERL and EYC caused a significant dose-dependent
decrease in heart rate at 48 hours (Figure 2). Tsuruwaka et
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al. (2015) showed that Danio rerio embryos exhibiting PE
also demonstrate an abnormal intracellular Ca2* signaling
pattern.

4. Conclusion

The aquatic ecosystem is an important target of pollutants
from industrial wastes (Meireles et al., 2018). The
increasing use of textile dyes, which is an important source
of industrial waste, and the increasing frequency of
detection in the aquatic system necessitate the evaluation
of their effects on aquatic organisms. This study showed
that two dyes, ERL and EYC which are widely used in the
textile industry, cause dose-dependent developmental
toxicity in Danio rerio embryos. Biomarkers such as YSE,
PE, TD, and SC were assessed in this study and the TI
values calculated in zebrafish embryos showed that these
dyes are toxic and teratogenic. The effects of the tested
dyes on the aquatic ecosystem have been revealed in this
study from various aspects but the mechanisms of the toxic
effects caused by dyes should be evaluated at the
biochemical and molecular level with new studies.

Table 4. Time-dependent mortality, malformation number, and malformation types of Danio rerio embryos exposed to various

concentrations of Everzol Red LFB for 96 hours

Malformations Types

Concentrations , Living # Malformed # sC ™ PE YSE
(mg L)

Control 24 24 0

23 24 24 0

35 24 23 1 - - 1 -
53 24 22 0 - - - -
79 24 22 3 2 1 - 1
119 24 20 5 1 1 3 1
178 24 16 7 1 2 5 6
267 24 13 11 4 2 8 3
400 24 10 2 4 6 2
600 24 5 3 - 2 2 2

SC: spinal curvature; TM: tail malformation; PE: pericardial edema; YSE: yolk sac edema

Table 5. Time-dependent mortality, malformation number, and malformation types of Danio rerio embryos exposed to various

concentrations of Everzol Yellow CGL for 96 hours

Concentrations

Malformations Types

(mg L) n Living # Malformed # sC ™ PE YSE
Control 24 24 0

23 24 24 0

35 24 22 0 - - - -
53 24 18 1 - 1 1 -
79 24 20 12 1 1 10 5
119 24 13 10 1 1 9 3
178 24 10 9 2 2 6 2
267 24 6 6 1 1 4 3
400 24 0 -

600 24 0 -

SC: spinal curvature; TM: tail malformation; PE: pericardial edema; YSE: yolk sac edema
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Figure 1. Microscopic images of embryos. Control embryos and Everzol Red LFB and Everzol Yellow CGL treatment groups 96h (SC:
spinal curvature; TM: tail malformation; PE: pericardial edema; YSE: yolk sac edema)
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Figure 2. Heart rate per minute at 48h in Danio rerio embryos exposed to different concentrations of Everzol Red LFB and Everzol Yellow

CGL
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